Due to the Fukushima-1 accident occurred in March 2011 a large amount of radionuclides was discharges to the north part of Pacific Ocean which because of transfer by sea currents reached the USA and affected the sea water quality in the whole aquatic cm. The intake of radionuclides from the failed station to Pacific Ocean occurred both by air and as a result of uncontrolled discharge of water to the ocean used for colling the failed reactors [3] Cs [1, 3] was discharged directly to the ocean with water; the significant share of radionuclides discharged to atmosphere has fallen out on the surface of the northern part of Pacific Ocean.
Due to the Fukushima-1 accident occurred in March 2011 a large amount of radionuclides was discharges to the north part of Pacific Ocean which because of transfer by sea currents reached the USA and affected the sea water quality in the whole aquatic cm. The intake of radionuclides from the failed station to Pacific Ocean occurred both by air and as a result of uncontrolled discharge of water to the ocean used for colling the failed reactors [3] . According to the different assessments 1·10 15 to 41·10 15 Bq
137
Cs and the same amount of 134 Cs [1, 3] was discharged directly to the ocean with water; the significant share of radionuclides discharged to atmosphere has fallen out on the surface of the northern part of Pacific Ocean.
The intake of radionuclides to the ocean water resulted in the radioactive contamination of sea fish the fishing of which is performed both in the water of Pacific Ocean and the Sea of Japan and Sea of Okhotsk connected by narrow straits with Pacific Ocean [1] . The materials on the cesium isotopes content in the sea products extracted in the Japanese nearshore water are regularly published in the press-releases and monthly reports of the Ministry of Health of Japan. About 2% of the fish samples catched at the eastern shore of Japan in 2012 exceed the EU standard for the permissible content of 137 Cs and 10% of samples exceed the Russian Federation standard [1] . This demonsrates the hazard for the health of population of the Russian Federation stipulated by the intake of radionuclides 137 Cs and 134 Cs with fish and seafood living in the contaminated sea water.
The alimentary intake is a prevailing way of intake of 137 Cs to the fish body [6] . The continuous transfer of substance occurs between the components of food webs, and therefor the radionuclides can migrate by the food webs from the one level to another [12] . Due to this fact, the transfer of radioactive substances by the food chains is the most important way of intake of radionuclides to the fish body.
The intake of diet and spectrum of feeding [10] . The young fishes of many species and many adult fish eat plankton which can accumulate the radionuclides up to the concentrations which by the hundreds of times exceed the content of radionuclides in the surrounding water. That is why at the low content of radioactive substances in water their intake to the body of fich is stipulated mainly by the contaminated food. Herewith no effective transfer of radioisotope
Cs between the food levels zoobenthos -bottom-feeding fish occurs, however the accumulation of this radionuclide from the biomass of bottom-feeding fish by the ichthyophages is carried out [12] . The smallest quantity of 137 Cs is recorded for the bottomfeeding fish, plankton-eaters and phytophages, and the largest quantity of 137 Cs is specific for ichthyophages and fish with the mixed type of feeding [2] .
When coming to the water ecosystems the radioisotopes are selectively accumulated by the separate components of water basin creating by this the different radiation conditions for each of ecological groups. The radionuclides are intensively absorbed by the bottom and bottom sediments which results in that the bottom becomes the certain depositary of long-living elements.
Due to the fact that isotope 137 Cs which has a long-term half-life period deposits on the particles of residuals and accumulates on the bottom as well as that the accumulation of radioisotopes for the bottom fish occurs quicker than for pelagians the bottom fish can become the most sensitive groups of sea inhabitans [19The measurement of radioactivity for different ecological types of fish demonstrated that for the bottom inhabitants the indicators are higher by 10-50 times than for pelagians and subsurface species.
According to the data of Pacific Scientific and Research Fishery Center the Far Eastern yields consist of Alaska pollack, herring and Pacific salmon; at the same time the yield of such commercial fish as Pacific saury and Pacific bluefin tuna increases. The Pacific saury belongs to plankton-eaters, therefore, for this type no effective accumulation of 137 Cs isotopes during the process of feeding occurs, but the routes of its migration go through the regions worst contaminated with cesium as for the Pacific bluefin tuna. Together with it, the tune belongs to ichthyophages. In contrast to the Pacific saury and tune, the migration routes of Far Eastern sardine do no pass through the regions of Pacific Ocean covered by the radioactive contamination after the accident at Fukushima-1, however this type of fish has the mixed type of feeding, and due to this fact it is characterized by the effective accumulation of 137 Cs radioisotopes in the food web.
Therefore, due to the Fukushima-1 accident there is the hazard of the cesium isotopes intake with fish products exists, and it is necessary to assess the risk for the health of population of the Russian Federation associated with the consumption of these products.
The goal of work -to assess the safety for the health of population of the Russian Federation from the consumption of Far Eastern commercial fish due to the Fukushima-1 accident.
To achieve the goal the following tasks were solved:
1) selection of mathematical model describing the processo of dilution and transfer of radionuclides and analysis of the results of field 137 Cs measurements;
2) assessment of radionuclides content in the selected species of commercial fish taking into account the results of simulation of the levels of the ocean water contamination by cesium on the routes of their migration and field studies during the period up to 2014;
3) creating the fish products consumption scenarios and in accordance with them the calculation of the daily The data obtained during the scientific expeditions to the supposed contamination areas and in the organized systemic monitoring studies of the radioactive isotopes content were used as the basic information materials to calculate the values of field measurements. The sources were the results of studies of the Federal Budget Institution of Science "Saint-Petersburg Research Institute of Radiation Hygiene named after professor P.V. Ramzayev" of the surface water of the Sea of Japan and Pacific Ocean (nearby the place of accident), data obtained in the joint study in 2011 of the aquatic area of Pacific Ocean between the shores of Japan and USA by the specialists from USA and Japan [15] , and the public materials of monitoring studies of the sea water quality organized by Japan and USA [15, 17, 18] . In total, the processing included the data for 4 years in relation to 909 measurements at the different depths and places of Pacific Ocean basin [15, 17, 18] .
The common characteristics of initial data collected from different sources: The results of simulation of the cesium radionuclides distribution in the aquatic area of Pacif Ocean and the data of field measurements were used as the initial information to assess the content of radionuclides in the separate species of commercial fish. The species of fish, for which the scenarios of concumption and the annual intake calculation based on them are created, were selected to assess the hazard and risk for the health of population of the Russian Federation associated with intake of cesium radionuclides with fish products.
The selection of the fish species the consumption of which will be taken into account during the development of the scenarios of concumption and the 137 Cs annual intake calculation based on them was stipulated by the routes of migration and the spectrum of feeding. The routes of migration for the selected fish species were displayed on the maps, together with indication of 137 Cs concentrations obtained according to the data of simulation of the cesium isotopes distribution process discharged to the ocean due to the Fukushima-1 accident and the point of field measurements.
When assessing the consumption of fish and fish products in the Russian Federation we used the actual consumption values according to the data of the Federal State Statistics Service for 2013, as well as the consumption of fish and fish products by th risk groups -the inhabitants of population clusters at the islands of Sakhalin region which can be considered as the target group. The assessment of haard and risk for the health of population of the Russian Federation associated with the cesium radionuclides intake with fish products was performed in accordance with principles specified in R 2.1.10.1920-04 "Manual on the assessment of risk to the health of population when exposed to the chemical substances contaminating the environment".
The concentrated multipliers recommended by the International Atomic Energy Agency (IAEA) in the technical report TRS-422 [5] were used to calculate the concentration of radionuclides in fish, taking into account the obtained data in relation to the concentrations in sea water.
The evolution approach was used to calculate the carcinogenic risk in each scenario. The evolution model for the carcinogenic health risk accumulation during the consumption of products containing radionuclides is the mathematical description of changes in the health condition of population exposed to the long-term impact of radiation factors.
The evolution equations are recorded in the form of recurrent relations allowing for organizing the iteration calculation procedure under the time steps. The system of recurrent equations takes into account the accumulation of risk of carcinogenic effects for the critical organs/systems due to the action of different radionuclides. The model allows for calculation of carcinogenic risk at any ceratin moment using the forecasting of the effects risk accumulation, taking into account the age and exposure duration. is a risk increment rate at the expense of natural causes, l is a risk increment rate at the expense of radiation, t D is a radiation factor exposure (dependence of dose on time), K is a time empirical coefficient.
The coefficients which take into account the evolution of risk at the expense of natural causes are determined based on the background indicators of morbidity and mortality from separate nosologies reflecting the functional disorders in the critical organs and systems (table 1). The indification of parameters for the models of the health disorders risk accumulation at the expense of natural processes in the body is performed based on the statistical data on the morbidity and mortality of adult population. Table 1 Reccurent relation to assess the risk of cancer morbidity The risk accumulation evolution models are used to calculate the radiation risk. In the firs year of life the value of risk is accepted as equal to 10 -7 . Results and their discussion. The overlapping of the fish migration routes with the obtained design data ( fig. 3 ) was performed to assess the content of radionuclides in the selected species of commercial fish.
The habitats and migration routes of Alaska Pollack, herring and Pacific salmon according to the results of the radionuclides distribution simulation are characterized by the minimal levels of contamination [8] . At the same time, the migration routes of such species of fish as Pacific saury and Pacific bluefin tuna go through the regions more contaminated by cesium [8, 13] .
Some scenarios for the intake of 137 Cs to the body of people consuming the fish catched in Pacific Ocean were considered according to the methodical approaches to the human health risk assessment associated with content of harmful substances in the food products accepted in the global pactice [4, 18] . The created scenarios provide the design and field data for the measurements of 137 Cs concentrations in sea water for 2012 and 2014 as well as the consumption of fish products in the volume of 24.8 kg for the population in general and 50.0 kg for target groups. When creating the scenarios we considered the supposition assuming the level of incorporation equivalent to the maximum concentration of 137 Cs in sea water which does not change during the period of forecasting (without taking into account the half-life period of isoptope).
The incorporation providing the consumption of product in the volume of 24.8 kg per year [7] with the content of assessed component in accordance with design data for 2012 and 2014 was considered as the first scenario. The second scenario is considered for the target groups of populatin consuming up to 50.0 kg of fish products [9] , with concentration of Table 3 Concentrations of 137 Cs radionuclides in the migration areas of Pacific bluefin tuna and Pacific saury according to the data of field studies Table 4 Assessment of 137 Cs concentrations in the fish species selected for simulation (according to the design concentrations in sea water) Also the annual intake of The results evidence that the annual incorporation of 137 Cs in all the scenarios of the annual consumption limit of this isotope of cesium recommended below with food for population is 77 000 Bq per year [11] .
The daily intake of 137 Cs due to the sea fish consumption in the amount of 24.8 and 50.0 kg per year was calculated for the evolution risk simulation tasks. The results of calculations are provided in table 7.
The scenarios No. 1-4 at which the daily intake of 137 Cs during the whole life is equal to the maximum daily intake of 137 Cs obtained in scenario were used to calculate the indicators of additional life-long mortality and cancer morbidity.
According the daily intake of cesium-137 with fish maximum for each scenario under the carcinogenic risk evolution simulation the additional carcinogenic risk value in the age of 80 years for sce- fig. 4) . Table 6 Annual intake of 137 Cs at the consumption of fish products (bluefin tuna) (Bq/year) Table 7 Daily intake of 137 Cs at the consumption of fish products (bluefin tuna) (Bq/day) According to the system of criteria proposed by the World Health Organization and adopted in the Russian Federation during the health risk analysis the obtained values are assessed as the minimum risk.
Conclusions. According to the results of the 137 Cs distribution simulation the area of contamination covers the significant part of the aquatic area of Pacific Ocean, including the migration routes of commercial fish and fishing zones. Incompliance of assessments of the sea water contamination with 137 Cs under the results of simulation and field studies evidences the existing hazard of the cesum isotopes distribution and necessity to continue the monitoring.
The assessment of risk to the health of population of the Russian Federation associated with the fish products consumption performed under the scenario which takes into account the maximum possible accumulation of cesium radionuclides in fish and maximum consumption of the fish products demonstrated that as of 2014 the maximum intake of 137 Cs with fish to the body of inhabitants of the Far Eastern regions of Russia did not exceed 365 Bq per year that is significantly lower than the safe annual intake limit and complies with the acceptable health risk.
The simulation of evolution of carcinogenic risk associated with intake of cesium-137 at the fish products consumption demonstrated that during the whole life the level of this risk is classified as minimum.
Together with it, due to the existing hazard of the contamination of ocean by the cesium radionuclides from Fukushima-1 if the additional data on the discharges of radioactive water will be available, it is necessary to carry out the repeated studies on assessing the risk to the health of population of the Russian Federation.
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